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Since its economic reform and operiiiig-up in 1978, and the en-
trance into the World Trade Organization in 2001, the expand-
ing market, in" China has led to a great expansion of iriariiifactur-
>� irig industries. One.of the biggest changes in China's business 
environment is the opening of distribution rights. Meanwhile, 
wider product ranges, improved quality, higher service levels are 
factors that draw consuiners' attention. A study of beer distri-
bution in China finds out that a high proportion of the total 
i 
logistics cost is for fuel and toll charges which is different from 
many other countries. Moreover, China has the world's second 
largest beer market and it is still expanding. 
This thesis is motivated by the complex environment in China 
where the supply chains, road networks and regulations are 
unique. It looks into a delivery problem of beer wholesalers 
in the Chinese market who need to plan their delivery routes 
daily. They need to operate efficiently as competition is fierce. 
A mixed integer programming (MIP) formulation will be given. 
It implements multiple arcs between nodes, and for multiple 
heterogeneous vehicles. The objective is to minimize the total 
logistics cost. One key feature of our model is that the num-
ber of constraints is polynomial in the number of customers and 
trucks. 
MIP solvers available at present are inefficient in solving the 
problem for practical problem sizes. Thus some heuristics will 
be implemented which get a feasible solution faster. We found 
ii 
that various heuristics strategies can be mixed and matched, 
but there is no combination of strategies that shows a definite 
advantage over the others. Thus, in our final heuristics, different 
combinations will be applied for solving the problem, and the 
final solution will be the one with the minimal cost. 
Computational studies were conducted to compare the per-
formance on execution time and solution quality between the 
solver CPLEX and our heuristic. The result is that our heuris-
tic can solve practical problems of large problem size, in seconds. 
Also, our preliminary tests indicate that the solution quality is 
acceptable given the complex problem structure. Therefore, it 
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Since its economic reform and opening-up in 1978, China has 
been experiencing a high economic growth rate. In 2001, China 
entered the World Trade Organization, which brought tremen-
dous business opportunities to the country. Prom the data pro-
vided by the National Bureau of Statistics of China, the GDP 
growth rate has been above 12% since 2002 [32]. Also since 
2002, China has surpassed the USA as the number-one country 
attracting foreign investment. 
1 
CHAPTER 1. INTRODUCTION 2 
Wang et al. [43] suggest that the growing market leads to 
a great expansion of manufacturing industries. In addition, 
one of the biggest changes in China's business environment is 
the opening of distribution rights. Many multinational corpo-
rations (MNCs) are investing heavily to establish their distri-
bution channels in China. Jiang and Prater [28] point out that 
customer demand in China also increases and become more so-
phisticated. Wider product range, improved quality and higher 
service level are factors that are becoming more and more im-
portant to consumers. 
Many MNCs find it difficult to implement coherent strategies 
due to poor transportation in a fragmented economy [25]. Carter 
et al. [7] find that many local logistics providers are problematic, 
e.g. their services are undependable, and they are unresponsive 
to customer needs. 
Thus, the improvement in logistics in China is essential for 
the country's development, and ensures the market potential for 
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foreign investment. China's acceptance into the WTO implies 
laws governing international business operations would become 
effective, so foreign companies are enjoying lower operational 
risks [28]. Additionally, the Chinese Government is aware of the 
problem of poor logistics infrastructure, so it is continuously 
developing the transportation network and building logistics fa-
cilities. As a result, operators are enjoying better infrastructure 
gradually. 
However, regional protectionism is dominant, and conduct-
ing business often needs "guanxi" or personal relationships in 
China [15, 28].,. Political or legal barriers are the most powerful 
forces that separate China's distribution market. Provinces and 
municipalities have erected tariff and non-tariff barriers to pro-
tect local business. Moreover, as a lot of new roads are built, 
the costs are transferred to road users which include logistics 
providers. It is not difficult for one to see toll booths in high-
ways in China, and the number of toll stations is actually huge. 
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It changes the cost structure of delivery operations to a large 
extent. 
In a study of beer distribution in China, Dai and Zhou [15 
find out that a high proportion of the total logistics cost is for 
fuel and toll charges. These can take up to half of the total 
logistics cost, whereas the percentage for beer distribution in 
the USA is at most 20. According to Jiang and Prater [28], 
road transport accounts for 77 percent of freight traffic in China. 
Also, supply-chain related costs can be 30 to 40 percent of the 
‘wholesale price in China, compared with 5 to 20 percent in the 
USA [41]. These statistics show that delivery using road network 
is popular yet challenging in China. 
High toll charges lead to a common phenomenon that trucks 
are dedicated to specific routes. The China Merchants Logis-
tics Group which serves Tsingtao Beer has 50 to 70 percent of 
its trucks running dedicated routes [15]. This obviously makes 
planning and scheduling easy, but the efficiency and transporta-
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tion capacity in terms of trucks and drivers suffer a lot. 
Dai and Zhou [15] also discover that the number of distrib-
utors and wholesalers in a city or state in China is astonishing 
high. Since beer producers lack understanding of different mar-
kets in different places, a loosely-controlled distribution network 
and management inefficiency encourage a predominant middle 
tier. They also suggest that such a tier is indispensable, and 
it will continue be present and play a critical role in the beer 
supply chain. A detailed introduction to the beer logistics in 
China will be given in the next Chapter. 
Differentiation among middle tier players is extremely diffi-
cult. In order to stay competitive, beer wholesalers are striving 
for enhancing efficiency, that is, to reduce cost and increase ser-
vice quality. They have to figure out cost-saving strategies while 
providing quick-response services. A good distribution strategy 
plays a primary role in achieving a competitive advantage. One 
percent improvement in logistics cost translates into millions of 
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dollars of savings to the company. 
In a survey that Hong and Liu [25] have conducted, nearly 
80% of the logistics companies in China attempt to reduce opera-
tion costs. Almost 70% of them put emphasis on using advanced 
information technology and increase marketing effort to improve 
competitiveness. The use of technology for logistics operations 
has been the interest of business people. Furthermore, as in-
formation regarding road networks and customer demand are 
becoming more available, analysis is becoming more accurate. 
• Therefore, applying optimization technology for road delivery 
problems is a timely topic for investigation at this time. 
For the beer market in China, Datamonitor [17] expects an 
approximate 5% annual growth rate of the market volume from 
2007 to 2012. It forecasts the market value to be 48.7 billion US 
dollars in 2012. Parker [34] reports that in 2005, China's share 
of the beer market in Asia is 33.73%, and 10.77% of the whole 
world. He projects the percentages in 2010 to be 35.57% and 
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11.73% respectively. These figures reveal that the beer market 
in China is huge and is expanding. Moreover, not much research 
has been done for the logistics, particularly the beer logistics in 
China. 
1.2 Contributions 
Contributions of this thesis include a review of the logistics in 
China and beer logistics in China. We wish to contribute in 
arousing the attention of academics and the industry by high-
lighting the worthiness of conducting research in this area. 
Secondly, a beer wholesaler's delivery problem is defined un-
,� der the special features in the Chinese market. Characteristics 
like high toll charges and low driver wages are considered. 
Thirdly, an mixed integer programming (MIP) formulation is 
given. The features of the MIP model are the possibility of hav-
ing multiple arcs between nodes. Note that we will use "nodes" 
to refer to customers or depot in this thesis. The model also has 
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a polynomial number of constraints, which makes implementa-
tion easier, in that optimization packages can solve the problem 
in a more efficient manner. 
Fourthly, we propose various heuristics strategies, including 
customer selection strategy, customer insertion strategy, truck 
selection strategy and arc selection strategy. Combinations of 
these strategies will be implemented and the performance will 
be evaluated. 
Fifthly, we will propose a heuristic which is expected to give 
. better solutions and be more robust than using a single classical 
heuristic alone. 
1.3 Findings 
We found that for the real problem sizes faced by a beer whole-
saler in China, off-the-shelf application of optimization packages 
like CPLEX are insufficient in that optimal solutions cannot be 
obtained in an acceptable time. Due to the complex structure 
CHAPTER 1. INTRODUCTION 9 
of our problem, CPLEX needs more than a day to solve in-
stances with 30 customers. This causes difficulty if applied in 
real life as the wholesaler has to plan the routes for its fleet ev-
ery day. In addition, for larger-sized problems, CPLEX needs a 
large amount of computer memory, which exceeds the available 
memory of normal desktop computers. Nowadays, desktop com-
puters are the most feasible and affordable computing devices 
for typical beer wholesalers, who often do not have centralized 
IT Departments. 
As a result, we will implement heuristics which are modified 
from the classical ones. Also, as mentioned in the last section, 
various heuristics strategies will be applied. We discover that 
none of the many combinations of heuristics strategies gives min-
imal cost in the majority of the benchmark instances. Therefore, 
our final heuristics will be a selection of different combinations, 
and the final result is the best solution among the component 
heuristics. 
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Using heuristics, we find that real problem sizes like those 
having 110 customer nodes require only seconds to be solved. 
Although we cannot achieve optimality in such a short time, it 
is definitely more practical. Moreover, in daily uses, optimality 
is desirable but not critical. 
In the computational experiments on 300 benchmark instances 
with 20 customer nodes, the best heuristics strategy combina-
tion gives an average optimality gap of roughly 22%. Using our 
final heuristic, the gap on same instances is only 10%. Whereas 
-for a naive heuristic algorithm without particular solution strat-
egy, the mean optimality gap of the same instances is as large 
as 102%. Therefore, we can see the improvement, and we are 
satisfied with the performance of the heuristic that we proposed. 
1.4 Structure of the Thesis 
In this thesis, we are going to look into the beer logistics in 
China in a wholesaler's perspective. The industry's facts, obser-
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vations and characteristics will be reviewed in Chapter 2. Then 
the literature review will be given in Chapter 3. In Chapter 4, 
a wholesaler's delivery problem will be considered while incor-
porating features of the Chinese beer market. A mathematical 
model is built based on a Vehicle Routing Problem (VRP) for-
mulation. A mixed integer programming (MIP) model will be 
presented in Chapter 5. Various solution methodologies will 
be presented in Chapter 6. After that, computational results 
and evaluation of the heuristics will be discussed in Chapter 
7. Chapter 8 includes the discussion on some practical issues 
and managerial insights. Lastly, Chapter 9 discusses the future 
development and conclusion of this research. 
Chapter 2 
Beer Logistics in China 
2.1 The Logistics and Supply Chain in China 
‘China has become a world-class manufacturing center since its 
economic reform that began in 1978. The centrally-planned, 
three-tiered system had dominated the distribution sector pre-
viously, but the market has been shifting to a free market mode 
afterwards [28]. Moreover, since China entered the WTO in 
2001, regulations and policies are gradually altered to integrate 
with the international market. Therefore, the logistics and sup-
ply chain system has been undergoing vast changes and devel-
12 
o 
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opment. 
Today, China, being the second largest economy in the world 
after the USA, has some special market features that worth our 
attention. Characteristics include regional protectionism, loose 
regulation, importance of personal relationship, fragmented econ-
omy, intense competition, poor infrastructure, high customer 
expectation and low labour cost. 
Many articles address the problem of regional protectionism 
in China (See [15, 17, 25, 27, 28]). Regional protectionism refers 
to actions that local administrative bodies take and physical in-
frastructure built to protect local interests. There is a lack of co-
ordination among governments in different areas [25]. Regional 
and local governments may not operate in line with Central-
Government mandates or laws. They can pass rules and regu-
lations at any time without notice. Officials can then hinder or 
regulate the interprovincial transportation and distributions of 
products that they offer in their responsible region[27]. 
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An example is that many of the nearly 500 breweries across 
China - usually owned by local governments - are protected 
from outside competitors by dubious health requirements and 
arbitrary duties [28]. Some provinces even have laws making 
it illegal for retailers to sell beer brewed in other provinces [17], 
whereas some other regions set up tariff barriers, in which heavy 
tax is imposed on products produced elsewhere. Thus a brand 
that is dominant in popularity in one province maybe unknown 
in another province. 
‘ In this way, local business is protected from competition from 
other area. National-wide companies should be very careful 
about the rules and laws of different places when doing their 
business. Also, their cost structure may vary from one place to 
another. 
Regionalism brings out the problem of loose regulations. Loosely 
defined laws allow flexibility in execution. In small companies, 
people work hard to figure out ways to trick the system, but 
a 
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large companies or MNCs cannot take such risk for cost saving. 
For instance, passenger vans are not allowed to be used for de-
livery. Nevertheless, some enforcing agents often "look the other 
way" out of sympathy, for those who work hard just to make a 
living in small companies [35]. Moreover, some small operators 
overload vehicles to cut transportation cost, and some drivers 
are forced to work long hours for a living (12-hour working days 
are quite common) [15]. More elaboration on the use of vans 
will be given in Subsection 2.3.2. 
During law enforcement, "guanxi", i.e. personal relationship 
could play a role in saving people from troubles. As many rules 
are slackly defined, relationship with government officials could 
help saving formalities and charges. Jiang and Prater [28] also 
point out that by making the right connections, an organization 
minimizes the risks, frustrations and disappointments of doing 
business in China. 
When conducting business in China, the business logic is in-
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deed different from that in Europe and the USA. People feel that 
the nature of relationship is more important than whether the 
relationship building process is legal. The meaning of "guanxi" 
is not necessary confined to bribery, but it can be just treat-
ing some party with decency while treating others unfairly [28 • 
The mechanism of relationship is complicated. It cannot be de-
fined by rules, and what people do to build relationship highly 
depends on the situation. How people take advantage of rela-
tionship shares the same complex characteristic. 
An example on the use of "guanxi" is that some produc-
ers bypass the middle tier of distributors and wholesalers, and 
directly send beer to retailers (a detailed description about the 
supply chain will be presented in the Section 2.2). Although this 
is rare, this direct sale mode is a result of very close personal 
relationships between producers and retailers. Often, these two 
parties are geographically close so that replenishment can be 
done conveniently [15 . 
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China is also special in the sense that economic development 
is very unbalanced. With the largest population in the world, 
there are mainly two big groups of people. The first type is those 
who live in urban city area and tends to be highly educated, 
when the second type is a vast Third World populace in the 
interior of the country where income can be as low as (US$)200 
a year [28, 36]. Therefore, the country is not standardized, and 
neither are its markets. 
National-wide logistics companies face challenges due to the 
heterogeneous environment in different regions. Suppliers have 
to deal with a lot of distributors to achieve national coverage. 
It is thus not easy for big brands to penetrate the markets in 
different places [28]. Additionally, it reveals that logistics dif-
ficulties are not only limited to laws and regulations, but are 
also engendered by the extensive competition among operators. 
There is a high concentration of small distributors and whole-
salers, especially in the urban area [15, 28，37]. In a study of 
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the third party logistics in China, one of the companies' top 
concerns is the destructive low-price competition [43]. In order 
to stand out, people need to make their operations effective and 
improve their service quality. 
As mentioned above, the fragmented economy leads to dif-
ferent cultures and regulations, as well as tough competition. 
Moreover, the road network is fragmented, making transporta-
tion extremely difficult particularly to inland rural areas. Many 
logistics providers do not have a clear picture about the trans-
portation network, which increases the cost and decreases the 
effectiveness of their daily operations. 
It is also a concern of some companies that the inferior in-
frastructure and decentralized resources make business difficult. 
They find logistics infrastructure (including road network, ware-
houses and port facilities) inadequate for performing logistics 
functions [25, 43]. However, the situation is foreseen to be im-
proving due to continuous government effort. 
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Along with the infrastructure development, road network de-
velopment by private parties and the Government requires a 
large amount of capital. As a result, the road users includ-
ing logistics providers need to share the cost. As elaborated in 
the 2004 China Road Transportation Enterprise Survey Report 
14], tolls account for as high as 20 to 30 percent of total lo-
gistic costs. Meanwhile, many companies are concerned about 
the unreasonably high charges of infrastructures like highways 
and bridges [43]. What's more, in front of toll booths, "guanxi" 
with the booth officer can yet play a role in cost-cutting as well 
as minimizing the chance of being caught overloading [15 . 
Fragmented economy and regional protectionism lead to local 
brand dominance. Customer loyalty to local brands is a common 
phenomenon in many places in China. Also, they have high ex-
pectation on food and fresh products. Consumers in urban area 
in China mostly shop daily in their neighbourhood markets. It 
is because people want to have fresh food every day, so frequent 
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deliveries with small quantities are the norm. To logistics oper-
ators, the advantages of large scale delivery are limited, but it 
is economical to send small lots but frequently. Also, customers 
have the freedom to select the one that suits them best. Fresh-
ness, quality, range of products and price are their top concerns. 
Moreover, intense competition among parties in the same 
supply chain tier makes the players improve service quality. 
Timeliness and consistency of delivery, ease of placing orders and 
product availability are important when wholesalers and retail-
ers choose their suppliers. It urges distributors and wholesalers 
to improve their logistics and distribution capacities. Other 
strategies used by operators are also discussed in [25], [39] and 
43 . 
The last characteristic that is common in the Chinese logistics 
industry is the low labour cost. Labour intensiveness is one of 
the famous features of the market in China. Many foreign busi-
nesses have been making use of this advantage for reducing cost. 
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This phenomenon is also true for logistics operations, which ex-
plains the low cost of driver wages. The product loading and 
unloading work are heavily manual. Pure hand-carrying, use 
of trolleys and push carts are widely seen. According to Dai 
and Zhou [15], for other labor costs such as administrative cost, 
one beer distributor in Qinhuangdao hires 10 people to manage 
the business at a fraction of one average US manager's cost. 
Warehouses are seldom equipped with special machineries for 
loading and unloading, or even shelves. Goods are typically laid 
on surfaces layer by layer, without cushion or separation. Or-
der management, processing, inventory management and FIFO 
(first in first out) control are highly manual as well, which is 
very common in China. 
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2.2 Beer in China 
2.2.1 The Expanding Market 
China has the second largest beer market after the USA. The 
market demand (in 10^  US dollars) was 17647.81 in 2005 when 
Parker [34] conducted the research. The figure is expected to 
rise to 23295.64 in 2010. In 2007, the market volume was 32 
billion liters when Datamonitor [17] looked into the industry, 
and the figure is expected to become 41.3 billion liters in 2012. 
Both Parker and Datamonitor foresee an expanding market in 
the future. 
2.2.2 The Multi-tiered Supply Chain 
The beer supply chain in China is a multi-tiered structure which 
consists of producers (or manufacturers), distributors, whole-
salers and retailers. Not all supply chains have such a multi-
tiered structure, an example is the pharmaceutical supply chain 
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in China. The supply chain does not have distributors, but 
maybe some agents. Also, the manufacturers usually replenish 
wholesalers directly [39 . 
Now we focus on the beer logistics again, information in this 
section is mainly extracted from [15] and [17]. Interested readers 
should refer to these papers for a more detailed introduction. 
Producers often directly serve a number of distributors. Nor-
mally, they are responsible to deliver the beer to transshipment 
stations where distributors collect the products. Furthermore, 
unlike in the USA where the producer-distributor relationship 
is one to one, multiple distributorships are possible even in the 
same province in China. A producer in Shandong province deals 
�� 
with 400 distributors. Tsingdao beer, one of the three largest 
brands in the Chinese market, has nationwide sales and over 
10000 distributors across the country. 
Beer producers can differentiate their products strongly by 
ingredients, brands and style, etc. Even though most of them 
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sell directly to distributors, a very small number of breweries 
integrate with on-trade business by operating beer bars. 
Distributors are licensed by producers through public bid-
ding to represent the brand in a certain region. Dai and Zhou 
suggest that personal relationship notably plays a vital role in 
obtaining distribution rights. Distributors purchase beer not 
only from producers but also other distributors, and then sell 
them to wholesalers. It results in a mixed role in the distri-
bution system. They may also sell beer to retailers directly. 
Normally, each distributor carries a single brand, but some may 
carry many other non-competing beverages. 
Wholesalers procure from multiple beer and other beverage 
distributors. As they carry a wide range of beverages and are 
geographically close to the market, they try to provide one-stop 
shopping for retailers. In Section 2.3, we will look into the char-
acteristics about the wholesalers in detail. 
In general, delivery from transshipment station to distribu-
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tor's warehouse is the distributor's responsibility, and is handled 
by its own trucks or rented spot trucking resources in the mar-
ket. Moreover, Dai and Zhou find that distributors and whole-
salers are also responsible for local delivery to their respective 
customers. 
Retailers buy beer from around 1 to 5 suppliers. Retailers 
are divided into two types, on-trade and off-trade. The for-
mer refers to on-the-spot consumption such as hotels, bars, and 
karaoke entertainment centers, whereas the latter refer to sales 
for off-premise consumption such as sales in supermarkets and 
convenient stores. According to Datamonitor, 57.8% of the Chi-
nese market volume is in on-trade sales. 
2.2,3 Reverse Logistics 
Reverse logistics also exists since the Government encourages 
recycling bottles, and set up bottle return fees. However, it is 
less profitable to do bottle return than beer distribution, so it is 
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often done by lower cost logistics providers. 
For distributors and wholesalers, the most important motiva-
tion for bottle return is to ensure the beer is sold in the intended 
channel. Collecting empty bottles let them know the demand 
information of wholesalers and retailers respectively. A section 
dedicated for demand management will be presented later. 
Beside bottle return, cap return is a very unique character-
istic of the beer logistics in China. It refers to just return the 
cap as a proof of sales, which means the reverse logistics is not 
related to recycling. An estimate made by Dai and Zhou indi-
cates that cap return fee at retailers is not a significant source 
of revenue. 
2.2.4 Manual Demand and Inventory Management 
As discussed in Section 2.1, the logistics operations along the 
supply chain is highly manual. Demand history commonly is not 
systematically collected and stored in most operators. However, 
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frequent replenishment and fast response time make this not a 
big problem. Pull signal is initiated from the retailer's point 
upstream. Demand management is usually done by the infor-
mation downstream and by the party's own experience. Col-
laboration among tiers is uncommon, which reveals a highly 
decentralized supply chain network. 
Inventory-wise, middle tier members usually stock more in-
ventory than the two ends of the supply chain. Producers hold 
3-4 days of inventory on average in their own warehouses. Dis-
tributors keep 1-2 weeks inventory, and wholesalers typically 
have 2 days of inventory on hand, and both of them rent ware-
houses. However, warehouses are often very simple in that they 
may just be an empty room without too much equipment or even 
air-conditioning. Beer is just stacked up tote by tote from the 
ground to the ceiling without any protection. Product retrieval 
is done using ladders. 
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2.2.5 Retail Fees and Value Chains 
A retail fee is an upfront payment a distributor or wholesaler 
pay to the retailer in order to sell its brand through the retailer. 
There are three types of such fee of varying monetary level for 
distributors and wholesalers to choose from: 
• Lowest fee: to make the brand on-shelf at the retailer 
• Medium fee: to be the main selling brand at the retailer 
• Highest fee: to be the only selling brand at the retailer 
The payment can be a one-time non-refundable fee, or at-
tached to a sales goal so that when the sales goal is not achieved 
by the retailer, the wholesaler or distributor gets a refund. The 
payment terms and amount varies by place, brand, and the sizes 
of the retailer, wholesaler and distributor. If the retail fee is too 
high, such as in chain retailers, only capital-rich, large producers 
can penetrate the market directly. 
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Similarly, wholesalers give kickbacks to retailers when a cer-
tain preset sales goal is reached, which can be up to 20% of the 
sales value. This is indeed another way of charging a retail fee 
by the retailers. 
Markup of beer along the supply chain varies depending on 
location and sizes of the supply chain members. A producer in 
Qinhuangdao marks up 30%, where a counterpart in Shanghai 
marks up 60%. The markup of distributors is around 0 to 15 
»» 
percent. In the 0% case, the distributor's profit comes from 
kickbacks when a sales goal is reached. 
Big wholesalers in Shanghai and Beijing mark up from 25 
to 35 percent. However, the real profit may be just 10 to 15 
percent because of the retail fee. Smaller wholesalers mark up 
more, often between 40 and 60 percent. 
There is a big variation among on-trade and off-trade retail-
ers. The markups vary by the type of retailer, the target cus-
tomers and the brands carried. Generally, low-end stores have 
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lower markups. Stores in smaller cities also have lower markups. 
Retailers tend to impose higher markup for less famous brands, 
as the producers and distributors are willing to sacrifice profit 
margin to retailers to gain market share. In terms of percent-
age, the retailers' markup can range from a gentle 70% to an 
astonishing 1000%. 
2.2.6 Packaging 
Bottled beer is the most common and popular form in China. 
Aluminum cans are less common because of the cost of raw 
material and energy to compress the metal into cans. Beer 
manufacturers mainly produce 12-pack or 24-pack bottled beers. 
For large size bottles in the 12-pack case, 600ml, 630ml, 640ml, 
500ml are widely seen. In the 24-pack case, 330ml and 350ml 
bottles are normally used. 
Cardboard boxes and plastic totes are most commonly used 
to handle dozens of bottles. For high end beers and leading 
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brands in major chain retailers, cardboard boxes are used be-
cause of simplicity, sanitation and esthetics. 
Small brand producers and low end retailing stores use plas-
tics totes more often because the cost is low and that totes can 
be reused. Totes can be stacked up safely due to the special de-
sign, which is also ergonomic for warehouse operators to handle. 
Nevertheless, recycling plastic totes involve reverse logistics and 
it may be troublesome and unprofitable. 
2.3 The Wholesaler 
2.3.1 High Service Quality under Fierce Competition 
As we are going to formulate a delivery problem from a Chinese 
beer wholesaler's perspective, we now take a closer look into a 
wholesaler's operations. 
Wholesalers serve a densely populated district, and perhaps a 
remote small city. They are geographically close to the market, 
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so that a high service level can be offered to retailers. It prob-
ably takes less than 3 days to replenish a retailer who made an 
order. The lead time to retailer is therefore very short which can 
be just in one day. Thank to the closeness with its customers, 
emergency delivery exists for some wholesalers. In an extreme 
case of a large scale restaurant in Beijing, replenishment has 
to be made 3 to 4 times a day. Given the horribly congested 
traffic in Beijing in daytime, this is possible only because the 
restaurant is within walking distance from the depot, so emer-
gency order can be fulfilled within half an hour without using 
any vehicles. Frequent delivery of small lots is economical as 
elaborated in Section 2.1. Retailers often demand 5 to 40 totes 
from wholesalers. 
Due to the aforementioned issue on densely located whole-
salers under intense competition, they have different strategies 
to stay competitive. Wholesalers procure different brands and 
other beverages from a number of distributors, so that they can 
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provide one-stop shopping services to retailers. Also, some of 
them offer emergency delivery services. These wholesalers are 
willing to keep excess inventory on top of its normal 2-day in-
ventory. Value-added services that attract retailers are essential 
for wholesalers to survive. 
2.3.2 Use of Vans 
Wholesalers usually own one or just a few vans. Some of them 
also own open trucks. Due to the capacity limit, van deliv-
ery usually makes more stops per route compared with trucks. 
Trucks are often used for customers with larger demand. 
In order to maintain efficient traffic flow, city transport a-
tion authorities try to limit truck transportation in city in day-
time. Different cities have their own specific regulations as far 
as weight and size limit of trucks are concerned. For example, 
trucks larger than 5 tons are not allowed to travel in Beijing 
from 7a.m. to 11p.m. Therefore, distributors and wholesalers 
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use various sizes of passenger vans. Dai and Zhou also observe 
that the delivery volume at each location is commonly low, a 
few to a few dozen cases. It is possible that vans have cheaper 
costs also. 
Many passenger vans have been used in cities to handle small 
order transportation. This is in fact against regulations. How-
ever, there are lots of incentives in doing so from the retailers' 
and wholesalers' perspectives, because transportation adminis-
tration fee, industry and commerce administration fee and an-
nual vehicle inspection fee can all be exempted for passenger 
vans. In addition, compared to trucks, vans are not subjected 
to route and city entry time restrictions. Even if such practice 
is caught by the regulation enforcers, fines imposed are so low 
that participants are still willing to take the risk. 
Other types of equipments such as tricycles, pushcarts and 
trolleys are used for very small volume and short distance deliv-
eries. Some retailers request boxed or canvas covered trucks for 
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delivery in inclement weather. 
2.3.3 Delivery Problem of Wholesalers 
Considering the features of the beer logistics and supply chain 
in China, we will look into a delivery problem of a wholesaler. 
We try to incorporate the particulars of the market as well as 
the wholesaler's operations into our model. Seeing the large 
proportion of variable cost, especially in fuel and toll charges, it 
“ i s rational to think that the cost matrix won't satisfy the triangle 
inequality. 
The following attributes will be included in the setting of 
parameters of the problem: 
• Toll charges . 
• Driver wages 
• Short lead time to replenish retailers 
• Small lot size 
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• Frequent delivery 
• Heterogeneous fleet 
• Road restrictions 
We will have a literature review in Chapter 3，in which more 




3.1 Beer Logistics in China 
Literature on the beer supply chain and logistics in China is 
reviewed and summarized in this paper. The general logistics 
development and strategies of logistics providers are studied by 
a 
Jiang and Prater [28], Hong and Liu [25] and Wang et al. [43 . 
The first paper discusses the current logistics market, and its 
future prospect. The second one conducts a survey targeting lo-
gistics providers in China. It analyzes their methods for improv-
ing competitiveness, and the challenges therein. The third one 
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is also a survey which further looks into companies' strengths, 
concerns and strategies used. 
More specifically, Dai and Zhou [15] give an in-depth descrip-
tion to the whole beer market in China - from the structure, 
economics, unique features to case studies and insights. Data-
monitor [17] also briefly discusses the beer market environment 
and the ease of entering the business. It focuses on giving the 
statistics and forecasts of the market. Also, Parker [34] provides 
a global picture of the beer market share and demand of vari-
ous places in the world. Prom that, we know the Chinese beer 
market is big and is growing. 
Moreover, comparison with another industry is done by look-
ing into pharmaceutical logistics in China by Shao and Ji [39 . 
The challenges of the whole retailing sector is brought out through 
a famous worldwide retailer Wal-Mart, by the logistics director 
for Wal-Mart China Co. Ltd., Huffman [27]. Also, a distribu-
tion design problem of a third-party logistics (3PL) provider in 
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China is examined by Chen et al. [8 . 
By reviewing and integrating the idea given by the above-
mentioned articles, we can have a clearer picture of the logistics, 
and beer logistics in China. 
3.2 Modelling Delivery Problems 
Delivery problems have been investigated for more than half 
a century, from the classical Truck Dispatching Problem by 
Dantzig and Ramser in 1959 [16]. Balinski and Quandt [1 
formulate an integer program for a delivery problem. Clarke 
and Wright [9] improve the solution approach of [16], and give 
.� the famous saving method. For the Vehicle Routing Problem 
(VRP), a more general setting named the General Pickup and 
Delivery Problem (GPDP) is examined by Savelsbergh and Sol 
38]. Pickup and Delivery Problem, Dial-a-Ride Problem and 
the VRP are special cases of the GPDP, but the first two types 
are less related to our problem. 
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Toth and Vigo published the book "The Vehicle Routing 
Problem" in 2002. The problem, its variants, models, exact 
and heuristics approaches are all addressed in the book. It pro-
vides a very thorough introduction to the formulations used in 
the literature. We are now particularly interested in the Ca-
pacitated Vehicle Routing Problem. Formulations used are the 
vehicle flow model, commodity flow model and the set covering 
(partitioning) model. 
Our formulation which is going to be presented in Chapter 5 
is based on the vehicle flow model. However, we find that the 
elements of the commodity flow model are essential to eliminate 
subtours during the formation of routes. Moreover, we further 
generalize the model to a multiple heterogeneous vehicle model. 
The number of constraints in our mathematical programming 
formulation has a polynomial relation to the number of customer 
and vehicles. It is an important feature in the implementation 
and solution methods adopted using optimization softwares. 
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The set partitioning formulation is widely used in the litera-
ture especially for the Inventory Routing Problem, in which the 
inventory level is considered in addition to the formation of de-
livery routes. Related articles such as [4，5，6, 29, 33] provide im-
portant ideas of inventory routing, and formulation techniques. 
In fact, the classical article [1] also uses the set partitioning 
technique for its integer program. 
Beside the book by Toth and Vigo, VRP with Time Windows 
(VRPTW) is discussed by Dell'Amico et al. [18]. Prom these 
publications, we know how the VRP is extended with the ele-
ment of time. However, in our model, no time window is used 
for each customer node, but a general time limit is imposed for 
the delivery of each vehicle. 
Other routing problems which are not of the structure of a 
VRP are given in [19, 31]. We are going to use a single depot 
model, but both [19] and [31] make use of the concept of origin-
destination pair rather than depots. 
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3.3 Applications of the Vehicle Routing Prob-
lem 
Applications of the Vehicle Routing Problem in real life are also 
described in many papers in the literature. Bekta§ and Elmasta§ 
3] look into a school bus routing problem, in which they give 
a mixed integer programming formulation and solve that using 
optimization software. Since the computer technology is rapidly 
improving, they suggest that focus should be on developing bet-
ter formulations for problems of moderate size, rather than de-
signing algorithms which are problem-specific. Spasovic et al. 
40] also investigate a problem on school bus routing, in which 
they compare the performance of using classical heuristics (such 
as the Clarke and Wright Saving Method [9] and the Sweeping 
Method [24]) and a routing software. 
Furthermore, Hu et al. [26] use a VRP mathematical pro-
gramming formulation for a strategic planning of time-sensitive 
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products delivery. In their problem, only 2 different vehicles are 
used for delivery, and both vehicles should be used. In our case, 
some vehicles may not be used, and we also consider the fixed 
charge of dispatching a truck from the depot. 
3.4 Heuristics and Metaheuristics 
The most efficient and significantly known algorithms use heuris-
tics to accomplish results which, though very good in most cases, 
may not be the global optimal solution. Nevertheless, we try 
to obtain reasonably good solutions which are satisfactorily ac-
cepted in practice. 
� An overview of the classical and modern heuristics for the 
VRP is given by Laporte et al. [30]. Cordeau et al. [11] give a 
guide to vehicle routing heuristics by examining and comparing 
classical heuristics and metaheuristics. 
Beside some classical heuristics that are mentioned earlier 
in this Chapter, scholars in the logistics field have been inter-
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ested in metaheuristics since 1990s. Metaheuristics are compu-
tational methods that optimize a problem by iteratively trying 
to improve a candidate solution with regard to a given measure 
of quality. The advantage of metaheuristics is that they can 
search very large spaces of candidate solutions, but the trade-off 
is of course the increase in computational effort required. More-
over, like heuristics, metaheuristics do not guarantee an optimal 
solution is ever found. 
The most commonly used metaheuristics for VRPs is tabu 
search, which does not require many assumptions to the prob-
lem and generally performs well in routing problems. Please see 
Gendreau's [21] paper for an introduction of the essential fea-
tures of tabu search. Cordeau and Laporte [12], Gendreau et al. 
22] and Barbarosoglu and Ozgur [2] applied tabu search for the 
VRP. Metaheuristics for variants of the VRP, such as the multi-
ple depot variant ([10])，the time windows variant ([13]) and the 
heterogeneous fleet variant ([23]) have all been investigated and 
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reported in the literature. Also, it is worthwhile to note that 
many of the work using tabu search for VRP make use of an 
algorithm named GENIUS, suggested by Gendreau et al. [22 . 
In this thesis, we modify classical heuristics by adding some 
features designated to tackle the cost structure of beer whole-
salers in China. Thus we will not delve too deeply into general 
metaheuristics here. 
" 3 . 5 Round up 
In the problems studied, people often assume a direct path be-
tween two nodes is the lowest cost path. However, as mentioned 
�� in Chapter 2，toll charge is definitely a significant part of the 
total logistics costs in China. Therefore, the total cost matrix 
used in our problem should be the sum of the fuel cost and the 
toll charge. In this way, the matrix generally does not satisfy 
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the triangle inequality, i.e., for any distinct nodes i,j and k: 
Cost{i,j) + Cost{j, k) t Cost{i, k) 
Considering this problem, we first obtain the minimum cost 
path between every pair of nodes using Dijkstra's Algorithm 
(please see [20] for the algorithm), after that we formulate an 
MIP model using parallel arcs between nodes. As time and cost 
are considered at the same time, the minimum cost path may not 
be feasible if travelling this path is time-consuming. Then in the 
final solution, even though some trucks pass by some customers 
nodes, the customer may not be served. It is because bypassing 
is just for the sake of reducing cost. Moreover, in our problem, 
the time constraint for each truck is just a constraint. We are 
not interested in finding routes that minimize travel time, but 
the objective is to minimize the sum of toll, fuel, and driver 
costs. 
We will investigate a number of heuristics in this thesis, and 
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compare their performances. Combination of the features sug-





4.1 Problem Definition 
We are going to look into a beer delivery problem of a wholesaler. 
Every day, its customers place their orders for the next day. At 
the end of the day the wholesaler has to plan the delivery routes 
of its fleet in the coming day. Although some wholesalers provide 
emergency delivery services, i.e. same day delivery of very small 
demand in very close geographical location, we are not going to 
include that in our model. It is because emergency deliveries 
are often done by push carts or trolleys moving goods within 
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walking distance. 
Now we formally define the problem. The entities involved 
include a set of customers, a set of vehicles and a single depot. 
As discussed in Chapter 2, toll charges plays an important role 
in the logistics in China. Therefore, it is possible that when we 
pay more, we can go faster from one place to another. To model 
this phenomenon, for each pair of nodes (customers or depot), 
there are r > 1 possible arcs connecting them together. 
The parameters given are the followings: 
• Demand: order size of each customer placed in the day 
• Location: planar coordinates of each customer (W.L.O.G. 
the depot is set at" the origin) 
•‘ Service time: time for unloading and acknowledging deliv-
ery at each customer 
• Time limit: the amount of time that each truck is given for 
delivery 
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• Capacity: the number of totes that each vehicle can legally 
load 
• Truck dispatch cost: fixed cost to use a truck, mainly for 
modeling driver wages 
• Fuel cost per unit distance: the cost of fuel to travel a uriit-
distance for each truck 
• Travelling time: travelling time between each pair of nodes 
of each truck by each arc 
• Travelling distance: travelling distance between each pair 
of nodes of each truck by each arc (which can be found by 
the coordinates that each customer is located) 
• Toll cost: toll charges to travel between each pair of nodes 
of each truck by each arc 
The objective function of the problem is to minimize the total 
logistics cost on the following three aspects: 
；) 
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• Toll charge: it is a dominant characteristic in the road net-
works in China 
• Fuel charge: the toll and fuel cost can make up half of the 
total logistics cost for beer delivery in China 
• Driver wages: this is also a significant component in the 
total cost, even though the proportion is less than that in 
the USA 
• There are five types of constraints for the delivery problem, 
they are: 
• Demand satisfaction: all customer demand of the day should 
be satisfied, i.e. no shortage is allowed 
• Demand completeness: for a single customer, the entire of 
its demand has to be satisfied without splitting, i.e. de-
mand satisfaction in one single delivery by a single truck 
• Time restriction: each truck should complete their delivery 
job within a 12-hour working day 
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• Capacity restriction: to operate in line with the law, no 
truck should be overloaded 
• Fleet completeness: all trucks should start its journey from 
the depot (after loading the goods), and return to the depot 
after all the delivery, no truck should stay out of the depot 
at the end of the day -
By defining the objective, parameters and constraints, what 
we need to determine are basically the following two things: 
• The set of routes (for the subset of trucks) that incurs the 
minimum cost 
• The sequence of customers served by each truck and the 
arcs used 
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4.2 Assumptions 
There are five assumptions in this problem. 
Assumption 1 
Complete graph: We assume the distance and toll charge ma-
trices are complete. That is, we have the time, distance and toll 
charge information of any pair of nodes. 
Assumption 2 
Enough information: We assume all the given parameters are 
available and are accurate. = = = = = = = = 
Assumption 3 
Sufficient supply: We assume the wholesaler always have enough 
�� beer to satisfy the one-day demand of all its customers. 
Assumption 4 • 
Customers with demand: We assume every customer demands 
some totes of beer. When we solve the problem daily, only the 
demanding customers are considered. 
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Assumption 5 
Trucks are loaded beforehand: We assume the trucks are loaded 
once we have the routes planned. For higher quality and timely 
service, loading procedures should be done before the day of 
delivery. When the driver starts working, the truck can leave 




Mathematically, we are given a set of n customers which are 
labeled by {1,2 ,3 , . . . , n}，and the depot is labeled 0. Also, we 
have a set of m trucks which are labeled by {1,2,3, . . . ,m} . 
The road network is represented by a graph G = {N, A), where 
TV = {0’ 1,2,3,…，n} and |7V| = n + 1. 
As mentioned in Section 3.5, we need an extra arc to represent 
the minimum cost path between any pair of nodes. Since there 
are naturally r possible arcs between each pair of nodes, \A 
55 
CHAPTER 5. PROBLEM FORMULATION 56 
should be 咖之―” + 丄）here. In the model to be presented soon 
in this Chapter, between any pair of nodes, there will be r + 1 
arcs labeled by {1,2，3,...，r，r + 1}. 
Please note that when we find the (r + 1产 path, one of the 
natural arcs may be the minimum cost path. Thus, after apply-
ing the Dijkstra's algorithm, the extra arc may be a duplicate 
of a natural arc. 
Furthermore, the distance metric that we use in the beer 
wholesaler delivery problem is the Manhattan distance (or taxi-
cab geometry or ii norm). Taking the city layout of a part of 
Beijing (China's Capital City) as an example, the road network 
(in yellow and pale yellow) has a grid layout. The Manhattan 
distance mimics the road network in a city better than the Eu-
clidean distance {£2 norm). 
The Manhattan distance between two points P{xi,yi) and 
Q{x2, y2) on a 2-dimensional coordinate plane is defined by \xi — 
工2I + — 2/2I. It gives an alternative to the Euclidian distance 
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Figure 5.1: A Map of a Part of Beijing (from Google Map) 
used in many other routing problems. Indeed, for any two dif-
ferent points, the Manhattan distance is always bigger than the 
Euclidian one. 
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5.2 Notations 
5.2.1 Indices 
i,j: Index the customers and the depot, where z, j == 0 ,1 ,2 ,3 , . . . , n 
k: Indexes the vehicles, where k = 1，2,3,…，m 
I: Indexes the arcs between every pair of nodes, where I = " 
1,2,3，• •.，r,r + 1 
5.2.2 Parameters 
Customers: 
di: Demand of customer i (Vz + 0) 
i\\ Service time at customer i (Vi ^ 0) 
Vehicles: 
cf: Fixed charge for using vehicle k (VA:) 
CAPk： Capacity of vehicle k {\/k) 
Tk： Time allowed for vehicle k (V/c) 
A 
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Oik： Fuel cost per unit length of travel for vehicle k (V/c) 
Arcs: 
cfji^ i： Travelling distance from node i to node j through arc I by 
vehicle k where i ^ j) 
Toll charge for going from node i to node j through arc I 
by vehicle k (Vz, j, /c, I where i — j) 
Ujki: Time for going from node i to node j through arc I by 
. vehicle k (Vz, j, k, I where i ^ j) 
5.2.3 Decision Variables 
For all 2, j , /c, I where i ^ j , we define the followings: 
1 if arc I from node i to node j is included in the optimal route of vehicle k 
» • ^ijkl — * 
0 otherwise 
• Vijk Number of items on vehicle k when it travels from node i to node j 
• y'ijk Residual capacity of vchiclc k when it travels from node i to node j 
We also define here, = I indicates that vehicle k is not 
used, zero otherwise. 
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5.3 Mixed Integer Programming Model 
5.3.1 The Model 
0. min X^XIZ] S (o^kciiki + 工ijkl + E 务 
I k i ^ k 
subject to 
+ E E ^Oiki = 1 V/c • 
I 
k I j^i 
3. EE 工 jikl = Z D ^ijkl V2, V/c 
Z j^i I j^i 
/ \ 
Z] Z] tijkiXijki + Z] J2 S 
工ijkl I S /j V rC 
I i j+i \ j^i I J 
5. E [{vjik + yijk) - ivijk + Vjik)] = E E 工mi Vi — o, /c 
j—i jT^ i I 
6. E ym = E ^ i E E 工ijki v/c 
i^o i^O \ j^i I J 
7- E Viok = 0 v/c 
i^O 
'^Vijk + y,ijk = c 奶 . E 工ijki Vz, Vjf, v/c, i + j 
9.Xijki ： binary Vz, Vj, V/c, V/, i ^ j 
10.x'j^  : binary V/c 
n.y,^, > 0 
12.2/-,> 0 紙 寺 j 
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5.3.2 Descriptions 
The objective function is to minimize the total cost that consists 
of: (A) toll and fuel cost on all arcs traversed; and (B) truck 
dispatch cost. 
Constraint 1 states that each truck should leave the depot 
via an arc, or the truck is not used. 
Constraint 2 means if truck k enters node i, it should use a 
single arc but not a combination of arcs. Also, each customer is 
visited exactly once and by one truck (demand completeness). 
Constraint 3 is the flow conservation constraint: if truck k 
enters node i, it must leave. 
�� Therefore, constraints 1 and 3 ensure that the truck once 
dispatched, will return to the depot (fleet completeness). Con-
straints 2 and 3 mean when truck k leaves customer i, exactly 
one arc should be used. 
Constraint 4 is the time constraint: The total time on the 
arcs and the service time at customers should be less then the 
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limit of respective trucks (time restriction). 
Constraints 5 to 8 work together as the commodity flow con-
straints, they eliminate subtours and set up truck capacity con-
straints (capacity restriction and demand satisfaction). 
To ensure the completeness of each delivery, and the truck 
load never exceeds the truck's capacity, these constraints work 
together as follows:-
Refer to Figure 5.2, which shows a feasible route for a partic-
ular truck, say truck 1. That means rroiii，怎1211, ；3：2311,3:3011 are 
all 1, assuming all the arcs travelled are labeled as "arc 1". In 
fact, these can be combinations of any other arcs. Then, by con-
straint 8, the corresponding y and y' sum to the truck capacity, 
say, 25. Mathematically, 
yoii + 2/011 = 2/121 + y'm 二 2/231 + 2/231 二 + Vm = 25 … ( 5 . 1 ) 
After that, by constraint 6，the truck leaves the depot with 
the sum of the demand of all customers whom it is going to 
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�� Figure 5.2: A Feasible Delivery Route 
serve, which is 16 in this example. Thus, yon = 16. Together 
with equation 5.1, we have 2/011 = 9. Now, by constraint 7, the 
truck returns to the depot empty, so 2/301 = 0. Consequently by 
equation (5.1), 2/301 = 25. 
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When a truck visits a customer, it unloads exactly the de-
mand of that customer (demand completeness). Meanwhile, the 
residual capacity, increases by the demand size. Therefore, the 
sum of the change in truck load and residual capacity is twice the 
demand of that customer. Constraint 5 captures this require-
ment, making ym, •；21，"231, to be their respective values as 
indicated in Figure 5.1. We try to illustrate constraint 5 by 
writing up the constraint for customer 2: 
(10 — 3) + (22 — 15) = 14 二 2 • 7 
To prevent the formation of subtours during routing, con-
straint 5 works as follows:-
Refer to Figure 5.3, which shows a subtour connecting two 
customers (4 and 5). With flow circulating in this subtour, flow 
conservation at each node is satisfied, and an arc is chosen to 
visit both demanding nodes. However, the route does not con-
nect to the depot, which violates the real operational constraint. 
Constraint 5 eliminates this problem. To verify, let us write 
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Figure 5.3: A Subtour of 2 Customers 
down this constraint for customers 4 and 5: 
Customer 4: (6 - a) + (y - x) = 2 • 
Customer 5: {a — b) {x — y) = 2 - d^ 
Summing the above 2 equations, we have 0 = 2 . � + 而)， 
CHAPTER 5. PROBLEM FORMULATION 66 
which is a contradiction as all customers are assumed to have 
non-zero demand (Assumption 4). Generally, for an ^-customer 
subtour, summing the equations of all the q customers gives 
0 = 2. (Total demand of all the customers in the subtour). As 
a result, subtours of any size cannot be formed or constraint 5 
is violated. 
Finally, constraints 11 to 12 are the non-negativity constraints, 
whereas constraints 9 and 10 are the binary constraints. 
5.3.3 Complexity and Polynomial Number of Constraints 
The number of binary variables Xijki of this model IS (n(n + l)m(r + 1)). 
Therefore, even when n = 30, m = 6, r = 1, the problem is con-
siderably large already. When we apply optimization packages 
to solve the problem, the computational resources available will 
be a concern. More details will be presented in Chapter 6. 
On the other hand, one important feature of this formulation 
is that the number of constraints is only (rw + w + rmn + 6mn + n + rni + 10m), 
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which is polynomial in m, n and r. In the literature, many pa-
pers give formulations of VRPs with exponential number of con-
straints. The set of constraints concerned is needed for subtour 
elimination and capacity restriction, which is called capacity-cut 
constraints. Taking an example from Toth and Vigo [42], one of 
the constraint sets is of the form: 
E E > 
i^SjeS 
where N is the set of nodes in the graph G = {N, A), S repre-
sents any non-empty subset of customers, 7(5) is the minimum 
number of vehicles needed to serve the customers in set S. We 
can see that the number of constraints in this set is exponential 
� in the number of customers, since there are 2^  — 1 different non-
empty combinations of subset S when we have g nodes in N. In 
fact, evaluating j{S) will be another problem to overcome. 
In our model, there is only a polynomial number of con-
straints which saves these troubles. In fact, Hu et al. [26], 
Bekta§ and Elmasta§ [3] are using similar idea which avoids 
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constraints like the one suggested by Toth and Vigo. To the 
best of our knowledge, there are no papers in the literature that 
is defined like our problem structure, with 4 subscript indices, 
and have polynomial number of constraints. 
Chapter 6 
Solution Methodology 
6.1 Input Parameters 
In this and the next Chapter, we report on our computational 
testing of various exact and heuristic solution methods for our 
problem. For our computational study, the values used for most 
of the input parameters are taken from the literature. The study 
of Dai and Zhou [15] provided a lot of important information and 
statistics useful for estimating the parameters. 
69 
CHAPTER 6. SOLUTION METHODOLOGY 70 
Demand (totes) dj Uniform[5,35] 
Service Time (min) f® 「Demand of Customer / 5 1 + Uniforni[l,2l 
Customers 
Location (x, and y coordinates) - 90% of the customers: Uniform[-20,20], the rest we will call them "re-
mote customers": Uniform[-80,80] 
Capacity (totes) OAPk 50%: 150’ 50%: 300 
Fixed dispatching cost 150-tote truck: Uniform[95,105l； 300-tot.e truck: Uniform[145,155l 
Vehicles 
Time allowed (min) Tfc 720 (12 hours) 
Fuel cost per unit length of travel ot^ 150-tote truck: Uniform[0.5,l.l]; 300-tote truck: Uniform[1.4,2.0] 
Toll charge Only appear on 50% of the arcs: (Manhattan distance between the 
nodes connected by the arc) X Uniform[0.2,0.3] 
Arcs ‘ 
Travelling distance ^ i jk l Manhattan distance on the 2-climensional coordinate plane 
Travelling time t i jk i Coincide with the travelling distance matrix 
Table 6.1: Input Parameters 
6.2 Finding the Optimal Solution 
6.2.1 By CPLEX Optimization Package 
In order to solve the mixed integer programming model pre-
sented in Chapter 5，the optimization package CPLEX (Version 
12.1) is used as a tool. Java programming is selected as the 
controlling language that interacts with CPLEX. 
In the program, the input data sets are read from a text file 
or is randomly generated. After that，so as to compute the time 
and cost for the (r + 1 产 arc between every pair of nodes，the 
famous Dijkstra，s Algorithm with respect to cost is used. Then 
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we have all the parameters needed, and the model is built and 
the CPLEX solver is invoked. 
Please note that in the optimal solution, if a selected arc is 
the (r + 1产 arc between any pair of notes, it does not imply 
the natural arcs are not chosen. It is because as mentioned in 
Section 5.1, an (r + 1 产 arc may be a copy of one of the other 
r arcs between the two nodes. 
Recall that having the (r + 1产 arcs between nodes is because 
toll charges make the total cost matrix not agree with the trian-
gle inequality. Therefore we wish to reduce the toll cost needed 
by finding a minimum cost path. However, the minimum cost 
path between two nodes may still involve a toll charge. It is 
obvious when there are toll charges between every pair of nodes. 
Small instances are used for testing the validity of the model. 
The results show that the model is valid, with all the con-
straint mentioned in the Problem Definition part (Chapter 4) 
satisfied. Furthermore, the runtime for computing the time 
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and cost for the (r + 1 产 arcs is also a concern. If the pro-
portion of runtime is large, using Dijkstra's Algorithm is not 
worthwhile. Computational results show that for a case with 
n = 110, m = 22, r = 1, three seconds is needed for the algo-
rithm. In a case with n = 25,m = 5,r = 1, less than half of a 
second is needed. They justify the use of Dijkstra's Algorithm, 
because beer wholesalers in China serve up to 110 retailers [15 . 
6.2.2 Problems of Using Optimization Packages 
Using a PC with 3.4GHz CPU and 4G RAM, computational ex-
periments with r 二 1 (only 1 natural arc between any nodes)，we 
see the problem of using CPLEX optimization package. When 
the number of customer reaches 30, an optimal solution can-
not be obtained by CPLEX given the computational resources 
available. Out-of-memory error is encountered after around one 
week of program run. 
Here are some more figures for reference: 
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Data Set Time for CPLEX to Find the Optimal Solution (seconds) 
n = 20,m = 5,r = l 1037.26 
n = 26,m = 5,r = l 8846.01 
n = 29,m = 5，r = 1 25960.57 
Table 6.2: Program Runtime Using CPLEX 
A case with 20 customers with 9 to 10 trucks requires 2 days 
of program run to find the optimal solution. It is unacceptable 
“ to be applied in real life as the beer delivery problem has to be 
. solved daily. In reality, many beer wholesalers in China serve 
more than 20 clients [15 . 
The above suggests that using the state-of-the-art off-the-
shelf software technology today, such a problem cannot be solved 
effectively when applied in real life. This motivates the need for 
heuristic development, which is going to be discussed in the next 
Section. 
Nevertheless, solving instances using CPLEX gives us an idea 
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of the structure of optimal solutions. Before designing suitable 
heuristics under the special cost structure of Chinese beer lo-
gistics, we can make observations on the optimal solutions and 
see whether we can have some strategies in solving the problem. 
After we develop certain heuristics, we can evaluate the perfor-
mance of the heuristics in terms of the time required to obtain 
the solution, and the deviation from the optimal solution. Also, 
we can compare the heuristics themselves or against classical 
heuristics, so as to see how much better those newly developed 
heuristics edge out the classical ones. 
6.2.3 Observations of Some Optimal Solutions 
In this subsection, we will investigate the optimal solutions ob-
tained by CPLEX, in order to get some insights for our heuris-
tics. 
First of all, we try to look at the tightness of the time and 
capacity constraints. It is observed that the capacity constraint 
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is much tighter than the time constraints, i.e. in the optimal 
solution, the capacity constraints often have relatively smaller 
slacks. One possible reason may be that the time allowed for all 
trucks are 720 minutes, or 12 hours, which is more than enough 
for a fully loaded truck to travel in the small district that the 
wholesaler is serving. 
We then plot the relative position of the nodes and visualize 
the routing results. The following pictures show the optimal 
solution of an instance. The thin(thick) line represents the route 
of a 150(300)-tote truck. Note that the straight line connecting 
two nodes does not show the exact movement of the truck. It is 
existence of r + 1 possible arcs between any pair of nodes, and 
the Manhattan distance measure that is used to mimic the city 
layout of the wholesaler's delivery problem. 
Prom Figure 6.1, we discover that the smaller trucks (150-
tote) tend to serve more remote customers. A reason to explain 
this is the lower fuel cost per unit distance travelled, which re-
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Figure 6.1: Optimal Routes of a Benchmark Instance with 20 Customers 
fleets the fuel efficiency of the smaller trucks. 
Next, vehicle selection is definitely an art. It is because dis-
patching a truck incurs a substantial amount of fixed cost. Even 
though the percentage of this fixed cost is lower (around a half) 
compared to the situation in other developed countries (over 
80%), unwise choices will lead to huge deviations from optimal-
ity. Also, there is no obvious tendency of selecting 150-tote or 
300-tote trucks in the optimal solution. 
Recall that there are 4 parameters associated with each truck 
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-capacity, time allowed, fixed dispatching cost, and fuel cost 
per unit distance. It is obvious that if the other 3 attributes are 
fixed, the higher the capacity, the better the truck. Similarly, 
the efficiency of a truck increases with the time allowed, and 
decreases with the dispatching cost and the fuel cost per unit 
distance. 
Lastly, there is no obvious distribution of the number of cus-
tomers served by different types of trucks. 
6.3 Heuristics Development 
6.3.1 Solution Strategies 
We are not going to' apply classical heuristics directly due to 
the following reasons. First, the cost structure does not fol-
lowing the triangle inequality because of the existence of toll 
charges. Second, there are multiple attributes for each truck 
that affects the desirability of them being picked, always pick-
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ing a big (small) truck is not a good way for heuristics. Third, 
the existence of multiple arcs between nodes require methods 
that are not introduced in classical heuristics. 
Following from Section 6.2.3, we marshal the strategies that 
we can consider when building our own heuristics. 
Truck Selection Strategies: 
The first issue is the truck selection, we believe that a strategy 
of picking trucks one by one plays a crucial part in obtaining a 
high-quality solution. Thus we now define an efficiency measure 
(jfj for any truck given. We set this efficiency index to be directly 
proportional to the capacity and the time allowed for travel, and 
inversely proportional to the fixed dispatching cost and the fuel 
cost per unit distance, that is: 
After that, during routing, whenever we need a new vehicle, 
we try to find the total (outstanding) demand of all unrouted 
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customers first. 
If the outstanding demand is larger than 150，and if there 
are no available 300-tote truck, then the 150-tote truck with the 
highest rj should be picked. If there is any 300-tote truck, then 
we: 
• Find the 300-tote truck with the highest efficiency index 
(say, r / ) 
• Find the two 150-tote trucks with the highest efficiency 
indices (say, rj^  and rf and rf > r f ) {rf is set to rf when 
there is only one 150-tote truck available; if and rf are set 
to 0 if there are no 150-tote trucks left) 
Then if 77I > 全(r/2 十?/)，we use the best 300-tote truck avail-
able, otherwise we use the best 150-tote truck available. One of 
reasons for comparing one 300-tote truck and the average of two 
150-tote trucks is that sometimes dispatching two 150-trucks 
leads to a lower cost while the capacity available is the same. 
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Another reason is that using two 150-tote trucks doubles the 
time available for delivery, also with the same capacity. 
If the outstanding demand is less than 150, the best 150-tote 
truck is used. If there are no 150-tote truck available, the best 
300-tote truck is dispatched. 
After we select the truck, we can insert customers into the 
route of the truck. 
Customer Selection Strategies: 
Beer wholesalers serve their clients within a small district, and 
some customers further away. Though the customers are close 
to one another in the city area, a good sequencing of customers 
served in a route should have positive impacts to the solution 
quality. Therefore, we propose various customer sequencing 
strategies here: 
• Sort by distance {ii norm) from the depot 
• Sort by the insertion cost 
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• Sort by distance from the nearest node in the existing route 
• Random selection 
• Sweeping Heuristics: sort by the angle {6) in the polar co-
ordinates (r, 6) of each customer 
In the observations made from the optimal solutions, 150-
tote trucks tend to serve more customers further from the depot. 
Therefore, in the first three strategies listed above, each of these 
„ will be further divided into 4 categories: 
- Truck Type 
150-tote 300-tote 
0 Prom minimum From minimum 
>� 1 Prom minimum From maximum 
X — 
2 From maximum From minimum 
3 From maximum From maximum 
Table 6.3: Four Kinds of Customer Sorting 
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Type 0 means for both types of trucks, we sort (the distance 
from the depot or the nearest node, or the insertion cost) from 
minimum to maximum. Type 1 means for the small trucks (150-
tote), we sort from minimum to maximum; whereas for the big 
trucks (300-tote), we sort from maximum to minimum. Types 
2 and 3 are similarly defined according to the respective row in 
Table 6.3. 
Therefore, there will be 4 different strategies respectively for 
sorting by distance from the depot, by insertion cost and by 
distance from the nearest customer in the existing route. To-
gether with Sweeping Heuristics and Random Selection, there 
are altogether 14 customer sequencing methods. 
Arc Selection Strategy 
We will compare the effects of picking random arcs and the 
best combination of arcs when inserting a customer. The best 
combination means the combination that gives the minimum 
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insertion cost. 
Customer Insertion Strategy: 
By a similar idea as in Saving Heuristics, whenever a customer 
has to be inserted, we find the best position in the route for 
insertion. For example, if we have a route 0 — 2 — 3 — 0, and we 
wish to route customer 1 into this route. Then we will compare 
the costs of inserting customer 1 between 0 — 2, 2 — 3 and 3 — 0, 
“ and perform the insertion with the minimum increased cost. 
Take inserting 1 between 0 and 2 for illustration (resulting in 
the new route 0—1 — 2 — 3 — 0), the increased cost of the whole 
route is given by: 
elm + ^I2kl — ^02kl + 4)lkl + ^mi 一 ^02kl 
assuming we are routing truck k and arc I is always the minimum 
cost arc between any nodes. 
We will compare and contrast the performance of random 
insertion and minimum cost insertion later. 
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When the selected customer cannot be included in the current 
route (because the truck load or the total time exceeded the 
allowed limits), the truck is considered as full. After that we 
will pick another available truck and route again. The algorithm 
terminates when all the customers are placed in routes, or the 
unsatisfied demand exceeds the remaining capacity of the whole 
fleet of trucks. 
6.3.2 Evaluation of the Strategy Combinations 
With the four kinds of heuristics strategies presented above, we 
try to find which strategy combinations are helpful for the solu-
tion quality. Now we need to count the number of combinations 
of strategies used, but before that, let us define some abbrevia-
tions to the strategies: 
M: Minimum cost increment insertion 
A: Arc selection strategy applied 
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T: Truck selection strategy applied 
Customer sequencing strategies: 
R: Random order 
S: Sweeping Heuristics 
DX: Sorting by the distance from depot {X = 0,1,2,3 as de-
fined in Table 6.3) 
CX: Sorting by insertion cost [X = 0,1, 2,3 as defined in Table 
6.3) 
NX: Sorting by the distance from the nearest customer in the 
existing route..(X = 0,1,2,3 as defined in Table 6.3) 
Then there are = 8 ways of selecting a combination of 
M，A or T, and there are 14 customer sequencing strategies. As 
a result, we have totally 8 x 1 4 = 112 methods of solving this 
problem by the means of heuristics. The following table shows 
the combination of strategies in short form: 
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M A T MA MT AT MAT X 
R RM RA RT R M A RMT SAT RMAT RX 
S SM SA ST SMA SMT SAT SMAT SX 
DO DOM DOA DOT DOMA DOMT DOAT DOMAT POX 
D1 D I M D I A D I T D I M A D I M T D IAT D IMAT D I X 
D2 D2M D2A D2T D2MA D2MT D2AT D2MAT D2X 
D3 D3M D3A D3T D3MA D3MT D3AT D3MAT D3X 
CO COM COA COT COMA COMT COAT COMAT COX 
C I C I M C I A C IT C I M A C I M T C lAT C IMAT C I X 
C2 C2M C2A C2T C2MA C2MT C2AT C2MAT C2X 
C3 C3M C3A C3T C3MA C3MT C3AT C3MAT CSX 
NO NOM NOA NOT NOMA NOMT NOAT NOMAT NOX 
N1 N I M N IA N IT N I M A N I M T NIAT N IMAT N I X 
N2 N2M N2A N2T N2MA N2MT N2AT N2MAT N2X 
N3 N3M N3A N3T N3MA N3MT N3AT N3MAT N3X 
Table 6.4: All Heuristics Strategies 
X in the above table means M, A nor T are all not used. 
With these handy abbreviations, we conduct experiments on 
300 benchmark instances using all the 112 combinations of the 
heuristics strategies. As the time for solving one instance is 
very short, we try to run 300 instances for each combination. 
The program runtime for each combination ranges from 5-10 
seconds (solving 300 instances), so none of them require a much 
longer time for computation. Therefore we can concentrate on 
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the solution quality of the combinations, and select those which 
perform better than the others. 
Objective M A T MA MT AT MAT X Average 
Function 
Value 
R 1001.78 1362.13 1344.27 982.55 937.65 1289.96 916.95 1415.44 1156.341 
S 925.78 1002.5 975.69 914,01 874.88 948.3 860-87 1030.4 941.554 
DO 935.03 1180.04 1159.18 921.78 874.92 1117.41 860.98 1221.69 1033.879 
D1 925.48 1182.14 1164 912.53 869.64 1118.7 856.84 1227.83 1032.145 
D2 930.34 1177.23 1147.7 916.96 867.73 1105.78 855.01 1217.62 1027.296 
D3 929.12 1181.09 1154.82 915.91 867.71 1110.64 855.18 1224.95 1029.928 
CO 956.04 1027.35 987.14 942 888.08 958.28 871.92 1065.05 961.983 
C I 1591 1519.09 1575.8 1530.42 1590.57 1505.79 1525.89 1578.97 1552.191 
C2 1115.46 1104.12 1066.07 1056.2 1016.3 1013.83 964,55 1161.47 1062.25 
C3 1714.3 1553.72 1618.01 1607.07 1675.72 1515.17 1570.28 1646.21 1612.56 
NO 966.88 1059.58 1276.89 950.73 889.24 1225.5 873.69 1088.71 1041,403 
• N1 984,02 1366.78 1333.66 967.78 929.55 1283.67 912.05 1412.47 1148.748 
N2 932.35 1081.38 1197.86 916.03 858.35 1147.02 841.21 1120.26 1011.808 
N3 956.91 1370.43 1251.36 936.38 901.14 1203.07 880.59 1425.49 1115.671 
Average 1061.749 1226.256 1232.318 1033.596 1002.963 1181.651 974.715 1274.04 
Table 6.5: Performance of All Heuristics Strategies (Average Cost) 
Next we try to - count the number of times that each of the 
112 combinations gives the best result. When there is a tie, all 
the combinations giving that best solution receive a score. 
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# of M A T MA MT AT MAT X Total 
Times to 
Be the * 
Best y 
R 2 0 0 5 2 0 9 0 ^ 
S 3 1 0 22 13 1 35 0 ^ 
DO 4 0 0 12 9 0 ^ 0 ^ 
D1 7 0 0 8 0 ^ ^ ^ 
D2 2 0 0 14 13 0 ^ 0 ^ 
D3 4 0 0 8 5 0 ^ 0 ^ 
CO 5 2 1 12 8 3 0 W 
C I 2 0 0 3 0 0 1 0 6 
C2 0 1 0 0 2 1 1 0 5 
C3 ‘ 0 0 0 0 0 0 0 0 0 
NO 1 1 0 1 4 0 12 1 ^ 
N1 0 0 0 2 1 0 3 0 6 
N2 3 0 0 3 5 0 21 0 32 
N3 0 0 0 9 3 0 ^ 0 ^ 
Total 33 5 1 ^ 5 ^ 1 
Table 6.6: Performance of All Heuristics Strategies (Number of times to be 
the best) 
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Table 6.5 shows that the combination N2MAT is the best 
combination, and D2MAT is the second best. Whereas from 
Table 6.6, SMAT performs the best and D2MAT comes sec-
ond. Therefore, if we have to choose one combination of heuris-
tics strategy, we will select D2MAT as it is ranked second in 
both tables. 
However, the beer wholesaler delivery problem has a very 
complex structure. Also, optimal solutions are extremely sensi-
tive to parameters. As a result, different heuristics give different 
solutions in different instances. The two tables above show that 
none of the combinations shows a definite advantage over the 
others. Consequently, it would be desirable for us to solve a 
problem instance using various strategies, and pick the best one 
to be our final solution. The advantage of doing this is that we 
can definitely get a better solution than using only one single 
combination (such as D2MAT). 
The cost of this improvement is the computational time. Nev-
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ertheless, the time for solving one instance using one combina-
tion is of the order of a hundredth of a second. Thus solving the 
problem using a collection of combinations should not be too 
time-consuming. 
In the next subsection we will discuss which of the 112 com-
binations of strategies are worthy to be included in our final 
heuristic. 
6.3.3 Best Combinations 
Prom the last row of Table 6.5, we know that those combinations 
with "Minimum cost increment insertion" (M) perform better 
than those without this feature. Moreover, from the last column 
representing the customer sequencing strategies, R, CI , C3， 
N l , are the worst. 
Prom the last column of Table 6.6, we also found C2 to be 
dissatisfactory. Additionally, "Minimum cost increment inser-
tion" (M) perform worse than those with M and more features. 
A 
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Combining these observations, we decide to remove M, A, T, 
AT and X in the columns. Also, we remove R, CI , C2, C3 and 
N 1 in the rows. Then we reduce the number of combinations 
from 112 to 27, as summarized in the following table: 
MA MT MAT 
S SMA SMT SMAT 
DO DOMA DOMT DOMAT 
D1 D I M A D I M T D I M AT 
D2 D2MA D2MT D2MAT 
D3 D3MA D3MT D3MAT 
CO COMA COMT COMAT 
NO NOMA NOMT NOMAT 
N2 N2MA N2MT N2MAT 
“ N3 N3MA N3MT N3MAT 
Table 6.7: Heuristics Strategies (With Bad Combinations Removed) 
Now, referring to Table 6.1，the "fuel cost per unit distance" 
(ak) is uniformly distributed between 0.5 and 1.1 for 150-tote 
trucks. Thus sometimes the value of a truck's efficiency index, 
？7, varies a lot when ak changes from < 1 t o � 1 . As this change 
may affect the sequence of truck selection, we introduce another 
index (r/) for each truck so as to diminish the effect: 
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,—CAP,.T, 
Then for those heuristics with a T, we solve the problem 
using both r] and rf as the efficiency measure of all trucks. It 
adds another 18 combinations to those listed in Table 6.7, so 
now we need to pick the best from the 45 combinations. 
6.3.4 Final Heuristic 
Here is our final heuristic: 
1. Read the input parameters 
2. Evaluate the (r + 1)认 arc between all pairs of nodes 
3. Solve the problem with all the 45 combinations of heuristics 
strategies outlined in Table 6.8 
4. Compare the objective value of all the solutions obtained 
in Step 3 
5. Select (any one of) the best solution(s) to be the final so-
lution 
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MA MT MAT MT' MAT* 
S SMA SMT SMAT SMT' SMAT' 
DO DOMA DOMT DOMAT DOMT’ DOMAT' 
D1 D I M A D I M T D IMAT D I M T ' D IMAT ' 
D2 D2MA D2MT D2MAT D2MT^ D2MAT' 
D3 D3MA D3MT D3MAT D3MT' D3MAT’ 
CO COMA COMT COMAT COMT’ COMAT' 
NO NOMA NOMT NOMAT NOMT’ NOMAT* 
N2 N2MA N2MT N2MAT N2MT' N2MAT* 
N3 N3MA N3MT N3MAT N3MT' N3MAT' 
Table 6.8: Heuristics Strategies in the Final Heuristic 
Note that MT’ and MAT’ mean that we use the efficiency 




As we mention in the previous Chapter, using CPLEX optimiza-
tion package is time-consuming especially on large instances. 
Also, in order to test the performance of the heuristics, we need 
some benchmark instances for reference. Small-sized problems 
can be solved to optimality by CPLEX quickly, so it is better for 
us to evaluate the performance of the heuristics using fairly large 
instances which also closely reflect reality. In order to balance 
the speed of obtaining the optimal solutions and the problem 
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size, we generated 300 benchmark cases with n = 20, and m 
ranges from 2 to 4. 
Using a PC with 3.4GHz CPU and 4G RAM, the 300 in-
stances are solved by CPLEX 12.1. Also, the same machine 
is used to solve the problems using the final heuristic we pro-
posed in Section 6.3.4. In this Chapter we will compare the 
solution quality and computational time of using CPLEX and 
our heuristic. 
7.2 Results of Using the Final Heuristic 
The mean objective function value computed by CPLEX is 700.2 
�� (optimal), and that of our final heuristic is 772.9. It implies a 
mean optimality gap of 10.37%. Some statistics of the opti-
mality gap is shown in Table 7.1. In the 300 instances, though 
the maximum gap is 43.57%, given the complex structure of the 
problem, the average and median gaps are acceptable. In prac-
tice, an optimal solution is of course preferable, but is not the 
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crucial concern. 
In Subsection 6.3.2, we said if we needed to pick one out of 
the many combinations, we will choose D2MAT. Now let us 
compare using that one combination alone, and our final heuris-
tic. 
Final'Heuristic D2MAT 
Average 10.374% 21.862% 
Upper quartile 11.985% 28.282% 
Median 9.229% 18.153% 
Lower quartile 6.430% 12.595% 
95% confidence interval [9.714%,11.033%] [20.016%,23.708%] 
Table 7.1: Statistics of the Optimality Gap of D2MAT k Our Final Heuris-
tic 
The above table shows that using many combinations of heuris-
tics strategies is superior to using only D2MAT. The optimality 
gap can be halved on average. It further proves that none of the 
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combinations mentioned in Table 6.4 has obvious advantage over 
the others. 
Figure 7.1 shows the routes of the solution obtained by our 
final heuristic, where the optimal routes of the same data set 
are shown earlier in Figure 6.1. Note that the thin(thick) line 
represents the route of a 150(300)-tote truck. 
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Figure 7.1: Routes of a Benchmark Instance Obtained by the Final Heuristic 
Furthermore, out of the 300 random instances generated, 
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CPLEX solved 270 of them to optimality, whereas the rest are 
determined to be infeasible - CPLEX can indeed detect infea-
sibility quickly. For our final heuristic, at least we can get a 
feasible solution for all the 270 feasible instances even though 
the constraints are tight in some instances. Nevertheless, as the 
problem size grows, the situation, might change. 
Then we can compare these results to a heuristic without any 
features (RX), which is the usual routing method used by beer 
wholesalers as many of them do routing manually and dedicate 
trucks to routes. The average cost is 1415.4, implying a mean 
optimality gap of 102.1%. The average of this surpasses the 
maximum gap of our final heuristic (43.57%) in the benchmark 
instances. 
Figure 7.2 shows the routes of the solution obtained by R X 
for the same data set in Figures 7.1 and 6.1. Again, the thin(thick) 
line represents the route of a 150(300)-tote truck. Comparing 
with Figure 7.1, we can see that the routes according to our final 
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heuristic are better planned. 
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Figure 7.2: Routes of a Benchmark Instance Obtained by the Heuristic RX 
7.3 Computational Time 
The main reason for developing heuristics is that they can at 
least solve the problems with limited computational resources, 
or can solve the problems faster. Let us compare the statistics 
for the runtime of the final heuristic and CPLEX on the 300 
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benchmark instances. Note that all the time reported includes 
the time required for finding the (r + 1 产 arc between any pair 
of nodes and any truck using Dijkstra's Algorithm. 
C P L E X Our Final Heuristic 
Average runt ime 534.5 seconds 0.60 seconds 
Upper quarti le runt ime 632.0 seconds 0.64 seconds 
Median runt ime 245.8 seconds 0.46 seconds 
Lower quarti le runt ime 98.5 seconds 0.36 seconds 
9 5 % confidence interval of runt ime [460.698,608.40s] [0.568,0.648] 
Table 7.2: Comparing CPLEX and Our Final Heuristic (Runtime) 
Obviously, the runtime of our final heuristic outperform CPLEX 
optimization package. Moreover, we encounter a case that the 
runtime using CPLEX is as much as 50000s. That is probably 
because the constraints are very tight in the optimal solution 
-449 totes are delivered by three 150-tote trucks (summing to 
a total capacity of 450 totes). It also suggests that CPLEX is 
undependable when we need to solve delivery problems daily. 
Readers should be interested to know the computational time 
that is needed for solving larger problems. In real life situations, 
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there are up to 110 customers for a beer wholesaler. Thus we 
now try to solve 30 instances of n 二 110, with m = 20,21 and 22 
(10 instances each). The average time needed is 64.57 seconds. 
Though we cannot evaluate the solution quality when we do not 
have the optimal solution, the time is really fine as CPLEX 12.1 
cannot solve such a large instance at all. 
In short, we prove that our final heuristic can really solve 
small to large sized problems in a short period of time. It pro-
vides a quicker way to come up with quality solutions, and the 
time for solving the problem is much stabler than using CPLEX 
optimization ..package. Practically, CPLEX is not the preferred 
one, because it may not be able to produce a solution within a 
day, when this delivery problem has to be solved daily. 
Chapter 8 
Managerial Insights 
8.1 Practical Issues 
When we apply our heuristic to the real problem, there are many 
practical issues that we have to bear in mind. 
First of all, the assumptions we make in Section 4.2 should 
hold. For the first two assumptions, "complete graph" and 
"enough information", we need to gather lots of accurate data. 
Indeed, it may be costly for people to even access some pa-
rameters, such as the fuel cost per unit distance of each truck. 
Moreover, we use the Manhattan distance to mimic the layout 
102 . 
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of a city, but in real cases, this may not be so accurate. Of 
course, if we need better measurements, more money is needed. 
For the use of parameters, we take the figures from the lit-
erature for our input. However, we need more accurate values 
in real cases. Also, since parameters may change from time to 
time, we need to pay extra attention when using historical data. 
For example, the fuel cost per unit travelling distance may rise 
gradually as the truck gets older and older. 
As discussed in Chapter 2, there may be road restrictions and 
other circumstances that a truck is not allowed to travel on some 
arcs. Moreover, due to the significance of "guanxi"，or personal 
relationship in China, drivers of some trucks may not be allowed 
to traverse certain roads, or even visit particular customers. To 
deal with these situations, we can actually add a large number 
to the toll charge of some arcs, which discourage the usage of 
those arcs in the optimal solution. For the heuristics, we can 
actually ignore those arcs/customers when we consider which 
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one to pick. Furthermore, since our model supports asymmetric 
cost structures, we can include practical constraints such as one-
way roads. These certainly bring our model closer to reality. 
Also, initial investment on computers may be an issue for 
small-sized wholesalers in China. Some of them may be reluc-
tant to accept changes to their daily operation that has been 
carried out for years or decades. Some of them may refuse the 
use of technology in their business. Yet we believe that the in-
vestment for getting good routes daily should be worth their 
money. 
In our study, our objective function is to minimize the trucks' 
logistics costs. The reason of not maximizing the profit is that 
beer wholesalers not only use trucks for delivery, but also pull 
trolleys and push carts (when there are emergency deliveries). 
The cost and revenue from that is hard to be measured, so we 
do not include that in our problem definition. 
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8.2 Managerial Insights 
After going through this study, which includes details about the 
logistics in China, beer in China and the wholesaler's delivery 
problem, we come up with some insights. When someone wants 
to conduct business in China as a beer wholesaler, they really 
need to note the unique characteristics in the logistics system 
mentioned Chapter 2. 
The delivery problem for the Chinese market is complex, and 
the cost structure can vary from one day to another. As a result, 
classical routing strategies are not sufficient to obtain high qual-
ity solutions. The toll charge can be a great amount to pay if 
� routes are not planned with care. Furthermore, fixed routes de-
livery is practically expensive. What wholesalers should do is to 
plan strategically to have different routes daily. Also, they need 
to make decisions on what type of truck should they purchase 
for their fleet. 
CHAPTER 8. - M A N A G E R I A L INSIGHTS 106 
Care has to be taken when applying one single combination 
of solution strategies we suggested in Chapter 6. Since the per-
formance of a heuristic is highly dependent on the input param-
eters, when parameters change, the combination D2MAT may 
not continue to be the best one. Therefore, we would suggest 
using a selection of strategy combinations as in Table 6.8, since 
they have nice features for achieving good solutions. 
In the studies, we found that the feature M tend to produce 
better solutions than those without this feature. Moreover, D2 
tend to produce better solutions than DO, D1 and D3; N2 
tend to produce better solutions than NO, N1 and N3. This 
is in line with our observations that small trucks tend to serve 
more customers who are further away from the depot. As a 
result, "Type 2" heuristics (small trucks: sort from maximum 
to minimum; big trucks: sort from minimum to maximum) give 
better solutions. 
The beer market in China is large, and is expanding. The 
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demand will surpass that in the USA in the coming years. More-
over, as the distribution rights have been opened from 2001 when 
China entered the WTO, it is an attractive place for people to 
conduct business. Looking into in the delivery strategies in the 
special logistics system in China is definitely interesting, and 
worthwhile. 
One percent improvement in logistics cost translates into a 
large sum of money saved. In the beer wholesaler market where 
competition is tough, this single percent is need for a wholesaler 
to distinguish itself from the others. By introducing the find-
ings of this study, we hope to catch the attention of the beer 
wholesalers in China. They should be aware of the potential 
benefits that can be brought by technology, such as cost reduc-
tion. Comparing a heuristic without particular customer, arc 
and truck selection and insertion strategy (i.e. RX), our final 
heuristic brings 83.13% cost improvement on average (from the 
benchmark instances). It also reflects that logistics costs can be 
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substantial when trucks are assigned to dedicated routes as per 
current practise in China. 
Chapter 9 
Future Work and Conclusion 
9.1 Future Work 
We developed a MIP model for the beer distribution problem in 
Chapter 4. In fact, the model can be modified and the formula-
tion can be extended to capture other operational features. For 
instance, we can add time-window constraints to customers or 
trucks. Note that in our problem, there are no time windows, 
but a total amount of time allowed for each truck. Furthermore, 
we assumed the trucks are loaded before the working day starts, 
so that the trucks can be dispatched as soon as possible. Indeed, 
109 
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for some people who wish to include the truck loading time at 
the depot, they can extend our model by considering a service 
time at the depot. 
The multi-depot version is less interesting for the Chinese 
market, since wholesalers are typically small in size, and the 
area served by one wholesaler is not too big also. Moreover, the 
multi-commodity flow variant is not so interesting as fast mov-
ing consumer products like beer can be unified to be packed in 
a single type of container (totes or boxes). In our formulation, 
we assume there are no shortage, but in real life that is possible. 
We may consider shortage at a cost, but shortage is rare be-
cause retailers have small lot orders and wholesalers hold extra 
inventory for high service level. 
For the development of heuristics, there are a number of 
things we can consider. Firstly, in recent years, metaheuris-
tics are becoming more and more well-known and popular . We 
may use metaheuristics such as tabu search and simulated an-
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nealing to see how they can be applied to complex problems such 
as ours. In fact, we can use our solutions from different heuris-
tics strategy combinations as initial solutions for metaheuristics. 
Secondly, since CPLEX optimization package is capable of solv-
ing small instances in minutes, we may consider clustering the 
customers first, then find the optimal route using CPLEX for 
each group. Thirdly, when GPS and ITS technologies become 
more advanced, and more people are using them, information 
about the traffic condition can be obtained. In this way, we 
can take the expected traffic condition at the predicted time 
into account, during routing. Also, when the truck travel from 
a customer to the next one, the least expensive route can be 
\V 
generated in real time. Fourthly, in the optimal solutions, we 
found that there is no obvious distribution of the number of cus-
tomers served by different trucks. However, it is interesting to 
put effort on forming routes with similar total time of travel, so 
that the drivers work and are paid in a more fair manner. 
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Lastly, more work on the logistics in China should be done. It 
is because related problems are worth looking into, and the work 
done in the literature is insufficient. The expanding market of 
many industries in China leads to the need of more efficient lo-
gistics systems. Improvements made can bring increased profits 
to companies. 
9.2 Conclusion 
To sum up, in this research thesis, we presented a detailed intro-
duction to the logistics, and beer logistics operations in China. 
Then we studied a wholesaler delivery problem and developed 
a MIP formulation with a polynomial number of constraints. 
We investigated the problems of optimization packages for solv-
ing instances of real life problem sizes, and proposed various 
heuristics strategies for solving the problem. In order to in-
crease the robustness and quality of the solution, we suggested 
selecting the best solution after solving by different combina-
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tions of heuristics strategies. We concluded that it would be 
desirable for us to solve the problem using many combinations 
of heuristics strategies and select the best one for each instance 
rather than applying a single heuristic for all instances. It gives 
solutions that are at least as good as any one of the component 
heuristic in the combination, when the extra time needed for 
program run is affordable. 
Computational experiments show that our heuristic can be 
solved in seconds, which is useful when applied by beer whole-
salers daily. The solution quality of our heuristic is also good 
given the complex problem and cost structure, we achieve an 
average optimality gap of only around 10%. 
Although our problem is defined on a setting of a beer whole-
saler in China, many of the features make our model applicable 
to other similar settings. The difference may only be the change 
of parameters . Particular features such as small-lot delivery in 
a small city, frequent replenishment, toll cost, road restriction 
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and cost structure are shared by other logistics operators for 
other industries in China or in other places. Therefore, in the 
spirit of the formulation developed in this study, other problems 
can be modeled using the same underlying idea. 
With what we have learnt through this study, we hope people 
who are conducting, or wish to conduct business in China, can 
be aware that they do have chances for improving their logistics 
systems. By applying technology, they can cut the cost and get 
better profit. The first movers can enjoy fruitful advantages in 
return to their initial effort. 
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